INTRODUCTION
When the inverter fed induction motor, an over voltage is developed. One reason for this over voltage is the inverter switching devices in power electronics. Pulses that are sent to an inverter raised two issues: the rise time of the inverter and the high frequencies. So, motors and cables connected to it are under the influence of high-frequency, so high-frequency models of behavior must be considered. If the rise time is shorter, the peak voltage insulation resistance will be less, so the inverters manufacturers are consider constraints for the rise time. According to wave reflection, voltage impulse travels through the cable at the velocity of 150-200 meters per microsecond and after it arrives to the machine and sees a mismatch of surge impedance between the cable and machine, voltage impulse reflects with proportion of cable and machine impedance and return to the inverter. At this time the machine over voltage are developed. Arrived wave to the inverter is reflected in the negative range, and this is repeated continuously [1] , [3] . This proves to us that the cable length and rise time are two important factors for determining the over voltages at the motor terminals [2] . This is lead to electrical stress in the interturn insulation and core insulation and causes aging of the general machine insulation, increasing of the dielectric loss and causing partial discharge. If partial discharge occurs rapidly, it will lead to total destruction of the insulation and miss the machine and increase repair cost. Online partial discharge measurement has advantages upon offline measurement such as:
 Test the machines without taking them out of service.  Decrease the time of the taking out the machine.  Personnel are more prepared to deal with the inconvenience.  Not require high voltage equipment.  More safety. Simulations presented in this paper are accurate. For example, the machine model is designed to high frequencies for analysis [6] . We can use series inductance filters in inverter output to increase rise time, in this case over voltages at the motor terminal is reduced, and the possibility of reaching to partial discharge inception voltage is minimizes [5] - [9] .
In this paper, to measure the partial discharge signal we use the coupling capacitor sensor in series with a resistor connected to ground which after filtering and separating signal from noise is shown in scope. 80 Pico farad coupling capacitors were used several years for partial discharge detection in high voltage rotary machines. But in low voltage machines, because partial discharge signal power is weak, we need sensitive sensor because however strong partial discharge signals with low frequency can cause poor insulation problem, weak partial discharge signals with high frequency can also be harmful to insulation. So we shouldn't ignore the weak partial discharge signal. So we use the coupling capacitor have different capacities to see their influence and compare the detection sensitivity and performance.
II. SIMULATED COMPONENTS
To obtain accurate results from simulation, cables should be studied at high frequencies. To do this, frequency response of the cable and tested experimentally obtained and a model that is consistent with our results, is suggested. In this way, the frequency response of the cable obtained in two short circuit and open circuit mode, and uses them to create model of the cable. Set of series parameters describing the cable in short-circuit mode and the parallel parameters describing the cable in open circuit mode [7] . This model is shown in figure 1 . Figure 1 . High frequency cable model Performance of induction machine with considering magnetic core effects, winding to frame capacitors, and skin effects of windings, at high frequencies, should be assessed and an appropriate model for analyzing over voltages of the machine is presented.
In the paper [6] the author, an analytical equation and the resonance point in measured impedance versus frequency in both the common and differential has been introduced. Note that the frequency response of the model of induction motor 100HP 460V-Delta, 60Hz at low and high frequencies (about 10 megahertz), is very close to the measured in both common and differential mode. Therefore, this model is well suited for the analysis of over voltages. The model is shown in Figure 2 . 
III. ONLINE PARTIAL DISCHARGE MEASURMENT
The use of high voltage capacitors (coupling capacitors) on the equipment terminal for measuring partial discharge is very common. Another widespread way is used 100 kHz to 30 MHz frequency bandwidth of current transformer associated with resistance 50Ω. Also there are other options such as electromagnetic couplers and antenna type couplers. These sensors are sensitive to the high frequency signals from partial discharge. Using filtering techniques we can get useful information from the sensor signal and the noise in the system can be isolated. At offline or online detection, coupling capacitors blocks signals of power frequency (60 Hz) and will pass high-frequency signals from partial discharge (due to low resistance at high frequencies) [8] .
Minimum voltage at which partial discharge occurs to call PDIV [4] . When the voltage reaches this limit, the partial discharge occurs according to the voltage of the switching function from the inverter and repetition rate level.
In this paper, the coupling capacitor is used for detection and the simulated machine 100HP 460V-Delta, 60Hz model [6] and simulated cable model [7] is used.
Coupling capacitors of 80pF, 500pF, 5nF, 50nF, 500nF, 50μF, 5μF used to compare and evaluate sensitivity in detection of partial discharge signals and machine performance in different conditions. The coupling capacitors can withstand the 10Ω to 500Ω series detector resistance [4] where at here we used 40Ω detector resistance.
IV. SIMULATION RESULT
Simulated block diagram shown in Figure 3 . 3AWG cable length of 30 m with model parameters of the unit length Rs = 0.5mΩ, Ls = 0.22μH, Rp1 = 148.1MΩ, Rp2 = 6.1kΩ, Cp1 = 151.2pF, Cp2 = 26.3pF is used. The machine 100HP 460V-Delta, 60Hz parameters are given in reference [6] . An inverter with 100 nanosecond rise time and bus voltage DC 650 and six PWM pulse 60 Hz is used. Also the high-pass filter cutoff frequency 2 MHz is used [10] . [2] . The shorter rise time, lead to highest over voltage and probability to reach inception voltage will be more. Figure 4 shows the inverter output voltage between phases a and b. The pulse rise time is 100 nanoseconds. Figures 5, 6 , 7 show terminal voltage-phase machine and inverter output. It is clear that at rising and falling edge of the output voltage pulse inverter, over voltage occurs in machine terminals. These figures are for implement 80nF coupling capacitor. It is significant that at this moment the motor voltage reached to 900 volts that is 250 volts more than DC bus voltage. Small distortion is observed in every phase due the induction voltage from the other winding which were over voltage developed. As evident from the figures, increasing coupling capacitor capacity to 500nF, lead to decrease the over voltage of the machine terminals and attenuation time of partial discharge signal is reduced and the amplitude of the partial discharge signal increases and it increase the signal to noise ratio and system sensitivity will be higher. For quantities greater than the 500 nF, reduction of over voltage and attenuation time, and increscent the amplitude of the signal will be negligible. Also with this amount of capacity of coupling capacitors, voltage signals that obtained is similar to daubechies mother wavelet has many, so the wavelet transform method can be is used to detect the signal. First, by 80 pF coupling capacitor, the over voltage of machine terminal reach to 1200 V that is 550 V more than DC bus bar voltage. This moment, is the best time to start partial discharge. At while by coupling capacitor 500 nF the over voltage reach to 830 V that is only 180 V more than DC bus bar voltage. Also by coupling capacitors 500 nF (or greater) we can detect rising and falling edges of signals from the inverter. Falling edges signals have more positive range and the rising edge signals have more negative range. It could be used for inverter preventive maintenance and predict errors before they occur.
However, in order to increase the rise time of the inverter to 2μs, at the inverter output we use low-pass filters that shown in figure 22 [9] . Figure 24 over voltage at machine terminal reach to 750 volts that is 100 volt more than DC bus bar voltage. However, the coupling capacitor 500 pF is used. This filter increases the inverter rise time, but not inside the inverter, so the reverse recovery effects will prevent. figure 25 , we observe that the amplitude of partial discharge signal is much reduced. So using this method, reduces the over voltage at the terminals of the machine and the amplitude of partial discharge signal, which can be reduce detection sensitivity of partial discharge phenomena. Also by this method we can detect rising and falling edges of signals and used for inverter preventive maintenance and predict errors before they occur. The below table shows the results of the simulation. 
V. CONCLUSION
Over voltage and partial discharge could due to cable length and rise time of the inverter. By increasing coupling capacitor capacity, we can decrease over voltage at machine terminals and attenuation time of partial discharge signal, and the amplitude of the partial discharge signal increases and it increase the signal to noise ratio and system sensitivity will be higher.
Installing inverter output filter can increase the rise time and decrease the over voltage at the terminals of the machine and the partial discharge signal amplitude, so it could reduce sensitivity of detecting of partial discharge phenomenon. As indicated in Figures, partial discharge signal amplitude reach to 0.35 V by mount inverter output filter (which increases the rise time to 2μs) while without filter installed and with the 0.1μs of rise time, partial discharge signal amplitude reach to 9 V.
Measuring partial discharge signals in the form of this article have explicit results, so the method is enough accuracy.
The setting of filters should be flexible because the parameters of machines and inverters are different. The series resistance with coupling capacitor must be the lowest possible so impulse can be seen after passing through the system.
